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A computing device comprising includes a memory array 
having a plurality of sections with memory cells arranged in 
rows and column, at least one cell in each column of the 
memory array connected to a bit line having a bit line Voltage 
associated with a logical 1 or a logical 0. The computing 
device additionally includes at least one multiplexer to con 
nect a bit line in a column of a first section to a bit line in a 
column in a second section different from the first section and 
a decoder to activate a word line connected to a cell in the 
column in the second section to write the bit line voltage into 
the cell. 
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1. 

N-MEMORY COMPUTATIONAL DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims benefit from U.S. Provisional 
Patent Application No. 61/910,068 filed Nov. 28, 2013, which 
is hereby incorporated in its entirety by reference. 

FIELD OF THE INVENTION 

The present invention relates to computing devices in gen 
eral, and more particularly to a device and a method used for 
search and/or computational operations. 

BACKGROUND OF THE INVENTION 

Memory arrays, which store large amounts of data, are 
known in the art. Over the years, manufacturers and designers 
have worked to make the arrays physically smaller but the 
amount of data stored therein larger. 

Computing devices typically have one or more memory 
array to store data and a central processing unit (CPU) and 
other hardware to process the data. The CPU is typically 
connected to the memory array via a bus. Unfortunately, 
while CPU speeds have increased tremendously in recent 
years, the bus speeds have not increased at an equal pace. 
Accordingly, the bus connection acts as a bottleneck to 
increased speed of operation. 

U.S. Pat. No. 8.238,173 to Akerib et at. and assigned to the 
common assignee of the present invention discloses a proces 
Sor which may perform in-memory computations. The pro 
cessor includes a memory array to store data, and an activa 
tion unit to activate at least two cells in a column of the 
memory array at generally the same time to generate a Bool 
ean function output of the data of the at least two cells. The 
Boolean function output may then be stored inside the 
memory array for further processing, including to generate 
new Boolean function outputs. This operation may be 
repeated numerous times until the desired results are 
achieved. The results may then be output for further use. Also 
disclosed therein is a content addressable memory (CAM) 
unit, including a ternary CAM (T-CAM) unit which may he 
implemented using the principles of operation of the 
in-memory processor. 

SUMMARY OF THE PRESENT INVENTION 

There is provided, in accordance with an embodiment of 
the present invention, a computing device including a 
memory array having a plurality of sections with memory 
cells arranged in rows and column, at least one cell in each 
column of the memory array connected to a bit line having a 
bit line Voltage associated with a logical 1 or a logical 0. There 
is also included at least one multiplexerto connect a bit line in 
a column of a first section to a bit line in a column in a second 
section different from the first section, and a decoder to acti 
vate a word line connected to a cell in the column in the 
second section to write the bit line voltage into the cell. 

In accordance with an embodiment of the present inven 
tion, the computing device may additionally include a con 
troller to provide the decoder with an instruction set for 
decoding. 

In accordance with an embodiment of the present inven 
tion, the instruction set may be of a small size. 
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2 
In accordance with an embodiment of the present inven 

tion, the instruction set from the controller comprises a maxi 
mum size of 64 bits. 

In accordance with an embodiment of the present inven 
tion, the instruction set represents compressed data associ 
ated with the operation of any one of the memory array, the at 
least one multiplexer, and the decoder. 

In accordance with an embodiment of the present inven 
tion, the decoder decompresses the compressed data. 

In accordance with an embodiment of the present inven 
tion, the decoder activates the at least one multiplexer to 
connect the bit lines in the first section and the second section. 

In accordance with an embodiment of the present inven 
tion, the decoder simultaneously accesses a plurality of read 
word lines and write word lines in the memory array. 

In accordance with an embodiment of the present inven 
tion, the decoder decodes the instruction set from the control 
ler into an instruction set for accessing in parallel a plurality 
of read word lines and write word lines in the memory array. 

In accordance with an embodiment of the present inven 
tion, the decoder may include a memory array having a plu 
rality memory cells arranged in rows and column, at least one 
cell in each column connected to a bit line having a bit line 
Voltage associated with a logical 1 or a logical 0. 

In accordance with an embodiment of the present inven 
tion, the activation of the wordline may be through the bit line 
in the decoder. 

In accordance with an embodiment of the present inven 
tion, the at least one cell connected to a bit line may include 
only one memory cell in each column. 

In accordance with an embodiment of the present inven 
tion, the at least one cell connected to a bit line may include all 
the memory cells in each column. 

In accordance with an embodiment of the present inven 
tion, the memory cells may include non-destructive cells. 

In accordance with an embodiment of the present inven 
tion, the memory cells may include Volatile memory cells. 

There is provided, in accordance with an embodiment of 
the present invention, a method of performing in-memory 
computations in a memory array including a plurality of 
sections having memory cells arranged in rows and column, 
at least one cell in each column of the memory array con 
nected to a bit line having a bit line Voltage associated with a 
logical 1 or a logical 0, the method includes connecting a bit 
line in a column of a first section to a bit line in a column in a 
second section different from the first section; activating a 
word line connected to a cell in the column in the second 
section; and writing the bit line Voltage into the cell. 

In accordance with an embodiment of the present inven 
tion, the method may further include decompressing com 
pressed data represented by a small size instruction set into a 
large size instruction set. 

In accordance with an embodiment of the present inven 
tion, the method may further include simultaneously access 
ing a plurality of read word lines and write word lines. 

In accordance with an embodiment of the present inven 
tion, the method may further include decoding an instruction 
set from a controller into an instruction set having a plurality 
of read and write commands. 

In accordance with an embodiment of the present inven 
tion, the method may further include activating the word line 
with a bit line voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Subject matter regarded as the invention is particularly 
pointed out and distinctly claimed in the concluding portion 
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of the specification. The invention, however, both as to orga 
nization and method of operation, together with objects, fea 
tures, and advantages thereof, may best be understood by 
reference to the following detailed description when read 
with the accompanying drawings in which: 

FIG. 1 schematically illustrates an exemplary in-memory 
computational device, according to an embodiment of the 
present invention; 

FIG. 2 schematically illustrates a section of an MLB in 
FIG. 1 including two exemplary MLB data sections intercon 
nected by a multiplexer, according to an embodiment of the 
present invention; 

FIG.3 schematically illustrates an exemplary arrangement 
of memory cells in rows and columns in a decoder shown in 
FIG. 1, according to an embodiment of the present invention; 
and 

FIG. 4 schematically illustrates an exemplary in-memory 
computational device Suitable for big data processing, 
according to an embodiment of the present invention. 

It will be appreciated that for simplicity and clarity of 
illustration, elements shown in the figures have not necessar 
ily been drawn to Scale. For example, the dimensions of some 
of the elements may be exaggerated relative to other elements 
for clarity. Further, where considered appropriate, reference 
numerals may be repeated among the figures to indicate cor 
responding or analogous elements. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

In the following detailed description, numerous specific 
details are set forth in order to provide a thorough understand 
ing of the invention. However, it will be understood by those 
skilled in the art that the present invention may be practiced 
without these specific details. In other instances, well-known 
methods, procedures, and components have not been 
described in detailso as not to obscure the present invention. 

Applicants have realized that the performance of devices 
which use in-memory computations may be vastly improved 
by dividing the device's memory into blocks of memory cells 
which may be individually accessed and which in parallel 
may carry out different operations. Applicants have addition 
ally realized that performance may be further improved by 
using the results of the operations carried out in a memory 
logic block (MLB), as a block of memory cells will be 
referred to hereinafter, in other MLBs to perform other opera 
tions, without first having to output the result of each opera 
tion and rewriting them into memory for use by the other 
MLBs. Only when the desired final result is obtained is the 
data output from memory. 

Applicants have realized that an in-memory computational 
device which can perform in-memory computations as 
described above may require a decoder which can decode 
controller instruction sets in known size formats (8bit, 16 bit, 
32 bit, 64bit, etc.) into an instruction set of hundreds and even 
thousands of bits with which to access, in parallel, the numer 
ous number of rows of cells in the MLBs. In effect, the 
decoder should be able to decode the “small size' controller 
instructions which may represent compressed code into 
decompressed “large size' read/write instructions to activate 
the MLB cells. 

It may be appreciated that an in-memory computational 
device as described above, which may execute a multiplicity 
of different operations in parallel, may operate as a MIMD 
(multiple instructions, multiple data) machine. It may be fur 
ther appreciated that the in-memory computational device 
may also operate as an SIMD (single instruction, multiple 
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4 
data) machine, the selection to operate as a MIMD or a SIMD 
defined in the controller instructions. 

It may also be appreciated that an in-memory computa 
tional device as described above may find numerous applica 
tions in diverse field which may require search and/or com 
pute operations. These may include database and storage 
applications including distributed Storage and cloud storage, 
signal processing including image and audio processing, bio 
metrics, data compression, communications network Switch 
ing, caching applications, among many others, Some of which 
may include CAM and T-CAM operations. 

Reference is made to FIG. 1 which schematically illus 
trates an exemplary in-memory computational device 100, 
according to an embodiment of the present invention. Device 
100 may include a memory logic block (MLB) 102, a decoder 
104, a code storage unit 106, a controller 108, and a data line 
buffer 110. 
MLB 102 may include a plurality of MLB data sections 

114, shown in the figure as MLB DATASECTION 0 to MLB 
DATA SECTION K, and a plurality of multiplexer units 
(MUX) 116, each multiplexer unit interconnecting two MLB 
data sections 114 located one above the other. MLB 102 may 
include any number of MLB data sections 114, the number 
generally limited by physical constraints associated with chip 
design, or by electrical constraints associated with the opera 
tion of sensing circuitry and/or driver circuitry, among other 
possible constraints. Applicants have determined that 
between 16 to 64 MLB data sections 114 may be used satis 
factorily in MLB 102, although operation with lesser or 
greater numbers of MLB data sections may still be satisfac 
tory. 

Reference is now also made to FIG. 2, which schematically 
illustrates a section of MLB 102 including two exemplary 
MLB data sections 114 (designated 114A and 114B respec 
tively in the figure) interconnected by MUX 116, according to 
an embodiment of the present invention. As may be appreci 
ated from the figure, MLB data sections 114A and 114B each 
include a plurality of memory cells 150 arranged in M rows 
and N columns. The number of cells in each row and in each 
column, as previously described with reference to MLB 102, 
may generally be limited by physical constraints associated 
with chip design, or by electrical constraints which may be 
associated with sensing circuitry, precharge circuitry and/or 
driver circuitry operation, among other possible constraints. 
Applicants have determined that 16 memory cells may be 
used satisfactorily in each MLB data section 114, although 
operation with lesser or greater numbers of cells may still be 
satisfactory. 
The architecture of MLB 102, including MLB data section 

114A and 114B, may resemble that of a NOR-type memory 
array (for NOR Boolean operations), or alternatively, that of 
a NAND-type memory array (for NAND Boolean opera 
tions). It is well known that NOR functions may be combined 
to generate the same results as NAND functions, and the 
inverse. Therefore, with reference to the present invention, 
Applicants understand that the skilled person practicing the 
invention may use either type of architecture. 

Cells 150 may each be identified by the letter “C” followed 
by the row and column in which it is located in the MLB data 
section. For example, cells 150 in the first row and located in 
the 1 to Nth column are designated C11, C12, C13, to C1N, 
respectively. Similarly cells 150 located in the second row 
and third row, as shown, are designated C21, C22, C23, to 
C2N, and C31, C32, C33, to C3N, respectively. Cells 150 in 
the Mth row are designated CM1, CM2, CM3, to CMN, 
respectively. 
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Each cell 150 in a row may be connected to a read word line 
158 (RE) and a write word line 160 (WE) through which each 
cell in the row may be activated for reading and writing 
respectively. Each cell 150 in a column may be connected to 
a bit line 156. 

Cells 150 may include volatile memory cells or non-de 
structive (non-volatile) memory cells, or a combination of 
both. The volatile memory cells may be implemented using 
SRAM or DRAM technologies or other volatile memory 
technologies. The non-destructive cells may be implemented 
using non-volatile memory (NVM) technologies such as 
ReRAM, MRAM, STT-RAM, T-RAM, PC-RAM, nv SRAM, 
SONOS, Z-RAM, FeRAM, NRAM, among other NVM tech 
nologies and memristor technologies known in the art, or 
which may be under development, or yet to be developed, and 
may also include flash memory technologies (e.g. floating 
gate, etc.). 
MUX 116 may connect bit line 156 in a column of an MLB 

data section 114 with bit lines 156 of one or more columns in 
the MLB data section above or below. In one embodiment, 
MUX 116 may connect bit line 156 in one column to a bit line 
in one of three columns in the section above or below, 
although it may be appreciated that the number of bit line 
connections varies with the design of MUX 116, and may 
include less than or more than three connection. The columns 
to which bit line 156 may connect through MUX 116 may 
include that directly above, or below, the bit line, and the 
adjacent column on each side. For example, MUX 116 may 
connect cell column 162 in MLB data section 114A with cell 
columns 164, 166, and 168. Through MUX 116, a voltage 
charge (data) on bit line 156 in cell column 162 may be 
transferred to bit line 156 in any one of columns 164, 166, 
168, or the inverse. 

It may be appreciated that MUXs 116 may be used to 
transfer data between MBL data sections 114 within a same 
MBL or different MBLs (in devices with multiple MBLs 
shown in FIG. 4), or both, without having to output the data 
from memory and rewriting into memory. That is, by activat 
ing one or more MUXs 116, the data result of an operation 
performed in a column, may be transferred from the column 
in one MLB data section to one or more columns in other 
MLB data sections in the same MLB or other MLBs. As an 
example, to write the result of a NAND or NOR operation 
performed in column 168 in MLB data section 114B to cell 
C32 (column 162) in MLB data section 114A, MUX 116 
connects (responsive to a command) bit line 156 in column 
162 to bit line 156 in column 168 so that the two bit lines are 
now at substantially the same potential (a logical “0” or “1”). 
Write word line 160 connecting to C32 in MLB data section 
114A is activated (write enabled) and the data on bit line 156 
is written into C32. The data written into C32 in MLB data 
section 114A may be used to perform a Boolean operation in 
column 168. 
MUXs 116 may also be used to distribute data arriving 

from a host connected to device 100 through data line buffer 
110 to memory cells 150. Additionally, MUXs 116 may be 
used to direct output data results through MLB data sections 
114 to data line buffer 110, and therefrom to the host. 

Decoder 104 may receive instructions sets in known size 
formats (e.g. 8 bit, 16 bit, 32 bit, 64bit) from controller 108 
and may decode the instructions into an instruction set of 
hundreds or thousands, and possibly tens of thousands, read 
and write instructions, and MUX 116 operation instructions. 
The instructions generated by decoder 104 may be applied, in 
parallel, to the rows of cells 150, and to MUXs 116, in MLB 
102. 
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6 
Decoder 104 may be implemented in a NOR-type memory 

array, or alternatively a NAND-type memory array, and may 
be able to perform in-memory computations including gen 
eration and combination of NOR and NAND Boolean func 
tions. Decoder 104 may additionally use results of operations 
without having to output the results and rewrite them into the 
decoder. The output results may be the instructions to MLB 
102. In some embodiments, the architecture of decoder 104 
may resemble that of an MLB 102, and may be divided into 
sections resembling a MLB data section 114. Multiplexers 
may be included, but may not be necessary, and may depend 
on the number of rows of cells in the decoder. 

Reference is now also made to FIG. 3 which schematically 
illustrates an exemplary arrangement of memory cells 150 in 
rows 170 and columns 172 in decoder 104, according to an 
embodiment of the present invention. 

Decoder read and write instructions and MUX control 
signals are output from the decoder through bit lines 174 in 
each column, one bit line for every read word line 158, one for 
every write word line 160, and one for every MUX control 
line 117, in MLB 102. Therefore, a minimum number of 
columns 172 required may be determined by the following 
equation: 

where COL number of columns 172, CM-number of cells in 
an MLB data section 114 (multiplied by 2, one bit line for read 
word line 158, and one bit line for write word line 160), 
K-number of MLB data sections in MLB 102, and L=number 
of multiplexed columns per bit line. Other columns 172 may 
be required to provide for additional bit lines 174 as may be 
required for other operations, for example, for MLB 102 data 
input/output through data line buffer 110, which may require 
a multiplexer to connect the buffer to the first MLB data 
section (i.e. K*L may be replaced by (K+1)*L). 

For example, assuming that MLB 102 has 64 MLB data 
sections 102 and each MLB data section has 16 cells 150 in 
each column, each MUX 116 connects multiplexes 3 columns 
to every column, then: 

that is, at least 2115 columns 172 are required in decoder 104 
to connect to MLB 102, and 2018 if a multiplexer is to be used 
to connect data line buffer 110 to MLB data section 0. 
As may be appreciated from the figure, cell rows 170 and 

columns 172 in decoder 104 may be oriented perpendicularly 
to cell rows 176 and columns 178 in MLB 102 to facilitate the 
connection between the bit line outputs from the decoder with 
the input lines (read word lines 158, write word lines 160, and 
MUX control lines 117). This may be potentially advanta 
geous in the design of the layout of the chip of device 100 as 
decoder 104 may be placed at substantially a right angle (90) 
to MLB 102, possibly reducing space requirements. 
The instructions from controller 108 may activate read and 

write lines (not shown) connecting cells 150 in rows 170. 
Responsive to the activation of the read and write lines, simi 
larly to MLB 102, Boolean operations may be performed in 
columns 172 and the results stored in cells 150 of other 
columns 172 for performing other Boolean operations. Only 
the desired final result, which may be the instruction set for 
MLB 102, may be output. 
A number of rows 170 in decoder 104 may correspond to, 

but not be limited to, the width of the bus of controller 108, but 
may be more or less. For example, if the width of the bus is 64 
bits, then the number of rows 170 may also be 64 rows, 
although it may also be 32 rows. Alternatively, if the width of 
the bus is 32 bits, the number of rows 170 may be 64 rows. 
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Whichever may be the case, decoder 104 may include suitable 
firmware including appropriate buffering as may be required 
to transfer the controller instructions into the decoder. 
As previously mentioned, decoder 104 may be able to 

perform in-memory computations including generation of 
NAND and/or NOR Boolean functions, and may use results 
of operations without having to output the results and rewrite 
them into the decoder. The instruction sets from controller 
108 may represent compressed data stored in code storage 
unit 106, and may be delivered to the decoder every clock 
cycle. The compressed data may include low level instruc 
tions which may specify how to perform Boolean operations, 
including NAND and/or NOR operations, the order of per 
forming the operations, in which MLB data section to execute 
the operations, which MLB data section results are combined 
in which cycle, which MLB data section results are to be 
multiplexed, among other instructions for performing 
in-memory computations in MLB 102 to generate the desired 
output results. 

It may be appreciated that decoder 104 decompresses the 
compressed data received from code storage unit 106 through 
controller 108 every clock cycle, converting the controller 
instruction sets of relatively small size into a much larger 
instruction set of decoded read/write instructions and MUX 
control instructions which are delivered in parallel to MLB 
102. Each decoded instruction set may be delivered to MLB 
102 in every clock cycle. It may be appreciated that a decoder 
which may receive Small size controller instructions every 
clock cycle and may also output large set decoded instruc 
tions every clock cycle may be potentially advantageous as 
relatively little memory is required. For example, in the art, a 
function that requires 100 cycles to complete would require 
memory space to store approximately 20K signals (assuming 
approximately 2000 word lines in the MLB) The decoder of 
the present invention solves this problem as the required 
memory space may be that required to perform the computa 
tional operations to decompress the compressed code data. 

Reference is now made to FIG. 4 which schematically 
illustrates an exemplary in-memory computational device 
200, according to an embodiment of the present invention. 
Device 200 includes an MLB block 202 including a plurality 
of MLBs 102, a decoder block 204, code storage unit 106, 
controller 108, and data lines buffer 210. Device 200 may be 
functionally similar to device 100 shown in FIG. 1 and may 
also be suitable for performing big data search and computa 
tional operations in MLB block 202. Decoder 204 and data 
lines buffer 210 are functionally similar to decoder 104 and 
data line buffer 110 shown in FIG. 1 but may be scaled in size 
to enable manipulation and processing of the big data. 

From the above discussion, it may be further appreciated 
that a small MIMD machine may be implemented in device 
100 where many different operations may be carried out in 
parallel in MLB 102 by simultaneously providing different 
read and write instructions to the plurality of MLB data sec 
tions 114 (and by activating MUXs 116 accordingly so that 
the results of column operations in one MLB data section may 
be used in the operations of other MLB data sections. A larger 
MIMD machine may be implemented in device 200 by pro 
viding the different read and write instructions to the plurality 
of MLBs 102 and activating the MUXs accordingly. Further 
more, a small MIMD machine may be implemented in device 
100 by simultaneously providing the same read and write 
instructions to the plurality of MLB data sections 114, and 
activating MUXs 116 accordingly. A large SIMD machine 
may be implemented in device 200 by providing the same 
read and write instructions to a plurality of MLBs 102 and 
activating MUXs 116 accordingly. 
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8 
Unless specifically stated otherwise, as apparent from the 

preceding discussions, it is appreciated that, throughout the 
specification, discussions utilizing terms such as “process 
ing.” “computing. "calculating.” “determining,” or the like, 
refer to the action and/or processes of a computer, computing 
system, or similar electronic computing device that manipu 
lates and/or transforms data represented as physical. Such as 
electronic, quantities within the computing system's registers 
and/or memories into other data similarly represented as 
physical quantities within the computing system's memories, 
registers or other Such information storage, transmission or 
display devices. 

Embodiments of the present invention may include appa 
ratus for performing the operations herein. This apparatus 
may be specially constructed for the desired purposes, or it 
may comprise a general-purpose computer selectively acti 
vated or reconfigured by a computer program Stored in the 
computer. Such a computer program may be stored in a com 
puter readable storage medium, Such as, but not limited to, 
any type of disk, including floppy disks, optical disks, mag 
netic-optical disks, read-only memories (ROMs), compact 
disc read-only memories (CD-ROMs), random access memo 
ries (RAMS), electrically programmable read-only memories 
(EPROMs), electrically erasable and programmable read 
only memories (EEPROMs), magnetic or optical cards, Flash 
memory, or any other type of media Suitable for storing elec 
tronic instructions and capable of being coupled to a com 
puter system bus. 
The processes and displays presented herein are not inher 

ently related to any particular computer or other apparatus. 
Various general-purpose systems may be used with programs 
in accordance with the teachings herein, or it may prove 
convenient to construct a more specialized apparatus to per 
form the desired method. The desired structure for a variety of 
these systems will appear from the description below. In 
addition, embodiments of the present invention are not 
described with reference to any particular programming lan 
guage. It will be appreciated that a variety of programming 
languages may be used to implement the teachings of the 
invention as described herein. 

While certain features of the invention have been illus 
trated and described herein, many modifications, Substitu 
tions, changes, and equivalents will now occur to those of 
ordinary skill in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all Such modifica 
tions and changes as fall within the true spirit of the invention. 

What is claimed is: 
1. A computing device comprising: 
a memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one 
cell in each column of said memory array connected to a 
bit line having a bit line Voltage associated with a logical 
1 or a logical 0; and 

at least one multiplexer to connect a bit line in a column of 
a first section to a bit line in a column in a second section 
different from said first section; and 

a decoder to activate a word line connected to a cell in said 
column in said second section to write said bit line 
Voltage into said cell; and 

a controller to provide said decoder with an instruction set 
for decoding in said decoder wherein said instruction set 
represents compressed data associated with the opera 
tion of any one of said memory array, said at least one 
multiplexer, and said decoder. 

2. A computing device according to claim 1 wherein said 
decoder decompresses said compressed data. 
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3. A computing device comprising: 
a memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one 
cell in each column of said memory array connected to a 
bit line having a bit line Voltage associated with a logical 
1 or a logical 0; and 

at least one multiplexer to connect a bit line in a column of 
a first section to a bit line in a column in a second section 
different from said first section; and 

a decoder to activate a word line connected to a cell in said 
column in said second section to write said bit line 
Voltage into said cell and to simultaneously access a 
plurality of read word lines and write word lines in said 
memory array. 

4. A computing device comprising: 
a memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one 
cell in each column of said memory array connected to a 
bit line having a bit line Voltage associated with a logical 
1 or a logical 0; and 

at least one multiplexer to connect a bit line in a column of 
a first section to a bit line in a column in a second section 
different from said first section; and 

a decoder to activate a word line connected to a cell in said 
column in said second section to write said bit line 
Voltage into said cell; and 

a controller to provide said decoder with an instruction set 
for decoding in said decoder wherein said decoder 
decodes said instruction set from said controller into an 
instruction set for accessing in parallel a plurality of read 
word lines and write word lines in said memory array. 

5. A computing device comprising: 
a memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one 
cell in each column of said memory array connected to a 
bit line having a bit line Voltage associated with a logical 
1 or a logical 0; and 

at least one multiplexer to connect a bit line in a column of 
a first section to a bit line in a column in a second section 
different from said first section; and 

a decoder to activate a word line connected to a cell in said 
column in said second section to write said bit line 
Voltage into said cell wherein said decoder comprises a 
memory array comprising a plurality of memory cells 
arranged in rows and columns, at least one cell in each 
column being connected to a bit line having a bit line 
Voltage associated with a logical 1 or a logical 0 wherein 
activation of said word line is through said bit line in said 
decoder. 

6. A computing device comprising: 
a memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one 
cell in each column of said memory array connected to a 
bit line having a bit line Voltage associated with a logical 
1 or a logical 0; and 
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10 
at least one multiplexer to connect a bit line in a column of 

a first section to a bit line in a column in a second section 
different from said first section; and 

a decoder to activate a word line connected to a cell in said 
column in said second section to write said bit line 
Voltage into said cell wherein said decoder comprises a 
memory array comprising a plurality of memory cells 
arranged in rows and columns with only one memory 
cell in each column and wherein said memory cell is 
connected to a bit line having a bit line Voltage associ 
ated with a logical 1 or a logical 0. 

7. A method of performing in-memory computations in a 
memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one cell in 
each column of said memory array connected to a bit line 
having a bit line Voltage associated with a logical 1 or a logical 
0, the method comprising: 

connecting a bit line in a column of a first section to a bit 
line in a column in a second section different from said 
first section; 

activating a word line connected to a cell in said column in 
said second section; and writing said bit line Voltage into 
said cell; and 

decompressing compressed data represented by a small 
size instruction set into a large size instruction set. 

8. A method of performing in-memory computations in a 
memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one cell in 
each column of said memory array connected to a bit line 
having a bit line Voltage associated with a logical 1 or a logical 
0, the method comprising: 

connecting a bit line in a column of a first section to a bit 
line in a column in a second section different from said 
first section; 

activating a word line connected to a cell in said column in 
said second section; and writing said bit line Voltage into 
said cell; and 

comprising simultaneously accessing a plurality of read 
word lines and write word lines. 

9. A method of performing in-memory computations in a 
memory array comprising a plurality of sections having 
memory cells arranged in rows and column, at least one cell in 
each column of said memory array connected to a bit line 
having a bit line Voltage associated with a logical 1 or a logical 
0, the method comprising: 

connecting a bit line in a column of a first section to a bit 
line in a column in a second section different from said 
first section; 

activating a word line connected to a cell in said column in 
said second section; and writing said bit line Voltage into 
said cell; and 

activating said word line with a bit line Voltage. 
k k k k k 


